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The abundance of flowering plants in South Africa provides opportunities for ongoing development of new horticultural subjects. However, a
thorough knowledge of their propagation requirements is needed so that successful commercialization can occur. Such understanding includes
seed germination, water, nutrient and temperature requirements for growth, resistance to pests and diseases, and the ability to manipulate
flowering. In this study, we investigated the temperature and light requirements for germination of four winter-rainfall Watsonia (Iridaceae)
species (W. aletroides, W. laccata, W. tabularis and W. vanderspuyiae), two summer-rainfall species (W. gladioloides and W. lepida), and the
widely distributed W. pillansii. Germination response to temperature exhibited clear trends that depended on the geographic region from which the
plants originated. Species from the winter-rainfall region germinated optimally at 10, 15 and 20 °C, those from the summer-rainfall region
germinated best at 15, 20 and 25 °C, and the widely distributed W. pillansii germinated over the entire range from 10 to 30 °C. Continuous light
and continuous darkness only influenced germination in W. vanderspuyiae, where it was marginally reduced.
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The enormous floral diversity of South Africa offers many
opportunities to domesticate and introduce new species into the
commercial horticultural market as garden subjects, container
plants or cut flowers. The genera that have been most successfully
exploited in terms of market sales includeGladiolus, Freesia, Ixia,
Ornithogalum, Nerine, Crinum, and more recently, Lachenalia
(Niederwieser et al., 2002; Reinten andCoetzee, 2002).Knowledge
of the propagation requirements of each plant is an essential step in
the process of commercializing a new plant. Such requirements
include understanding seed germination, water and temperature
requirements for growth, disease and pest resistance, ability to
manipulate flowering and post-production characteristics.
Watsonia is a genus comprising 52 species that are split
geographically into the winter-rainfall region of the western and
southern Cape, and the summer-rainfall region of central and⁎ Corresponding author.
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doi:10.1016/j.sajb.2007.05.004eastern South Africa (Goldblatt, 1989). The genus is closely
related to Gladiolus, with plants bearing spicate inflorescences
with brightly coloured flowers. To date, there have been several
reports related to various aspects of commercialization of
Watsonia, including micropropagation (Ascough et al., 2007),
control of plant and inflorescence height by chemical dwarfing
(Thompson et al., 2005), and requirements for floral induction
(Ascough et al., 2006). However, only one species has been
investigated with respect to seed germination requirements
(Esterhuizen et al., 1986). The purpose of this study was to
characterize germination of several Watsonia species from both
summer and winter rainfall regions. Species were selected
depending on the availability of seeds from commercial suppliers.
2. Materials and methods
Seeds of sevenWatsonia species (W. gladioloides andW. lepida
from the summer rainfall area, W. aletroides, W. laccata,
W. tabularis and W. vanderspuyiae from the winter rainfall area,
and the widely distributed W. pillansii) were obtained fromts reserved.
Table 1
Rainfall and temperature data for regions in which selectedWatsonia species are
present (data compiled from South African Weather Service)
Species Months with
N20 mm rain
Average maximum
temperature (°C)
Average minimum
temperature (°C)
W. aletroides a March–August 20.5 9.9
W. laccata a March–August 20.5 9.9
W. tabularis March–August 19.4 8.8
W. vanderspuyiae March–August 20.5 8.8
W. gladioloides September–April 27.4 13.9
W. lepida September–April 27.4 13.9
W. pillansii Combination 21.5–25.3 b 11.1–16.3 b
a Some populations at the most eastern range of the distribution receive
rainfall all year round.
b Temperatures given for most south-western (lower value) and most north-
eastern (higher value) distributed populations.
Fig. 1. Distribution of seven Watsonia species investigated (compiled from
Goldblatt, 1989).
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species is shown in Fig. 1, and corresponding temperature and
rainfall data is given in Table 1. Seeds were decontaminated for 15
min in a 50% (v/v) commercial bleach (Jik®) solution (3.5%
NaOCl) with Tween 20 as a surfactant. Seeds were rinsed three
times for one minute with sterile distilled water and then placed on
two discs of Whatman No. 1 filter paper in 65 mm diameter plastic
Petri dishes. The filter paper was moistened with 3 ml distilled
water and Petri dishes subsequently placed in incubators set at 10,
15, 20, 25, 30, 35, or 40 °C under 16/8 h photoperiod provided by
Osram® 75 W cool white fluorescent tubes providing PAR of
16 μmol m−2 s−1 at shelf level. In addition, the effect of continuous
light (CL) and continuous dark (CD) on seed germination was
tested. For W. pillansii and those species occurring in a summer-
rainfall area, seeds were incubated at 25 °C, while those from the
winter-rainfall area were incubated at 15 °C under continuous light
or in a lightproof box.
3. Data analysis
Each treatment consisted of 5 replicate Petri dishes each
containing 20 seeds. Seeds exhibiting radicle protrusion of more
than 2 mm from the testa were recorded as a positive
germination event. Data were arcsine transformed prior to
statistical analysis using analysis of variance (ANOVA); means
were separated using Fisher's individual error rate at the 5%
level of significance using Minitab® Release 14.
4. Results and discussion
In all species, radicle emergence was first observed on the
sixth day, and the temperature at which this occurred was
dependent on the species. Species from the winter-rainfall region
germinated more rapidly at 20 °C, those from the summer-
rainfall region germinated more rapidly at 25 °C, and the widely
distributed W. pillansii germinated fastest at 30 °C (data notshown). The temperature range over which optimal germination
was observed was dependent on the region from which the
species originated (Table 1, Fig. 2).
W. pillansii, a species distributed throughout the winter- and
summer-rainfall areas, exhibited high germination at all tempera-
tures from 10 to 30 °C. This corresponds well to the observed
temperature ranges that occur throughout its distribution during
rainfall months (Table 1). In contrast, W. gladioloides and
W. lepida from the summer-rainfall region exhibited germination
only at 15, 20 and 25 °C. This range falls within the mean daily
minimum and maximum temperatures for the months in which
greater than 20mm rain occurs (Table 1). Species from thewinter-
rainfall area also displayed restricted germination, with the lower
temperatures of 10, 15 and 20 °C resulting in optimal germination
in three of the four species examined. In the fourth species,
W. tabularis, germination at 20 °C was significantly lower than
that observed at 10 and 15 °C. This is of interest considering it has
the smallest distribution of all the winter-rainfall species
examined, and in fact, the mean daily maximum temperature
for this region is 19.4 °C. The more widely distributedW. laccata
and W. vanderspuyiae showed very low levels of germination at
25 °C. These data suggest that the temperature range over
which species are able to germinate is related to their geogra-
phic distribution and the season in which rainfall occurs. This is in
agreement with observations by Esterhuizen et al. (1986) where
germination ofW. fourcadei, a winter-rainfall species,was optimal
at 10 and 15 °C, but declined rapidly above 21 °C.
At 35 °C, no germination was recorded in any of the species
examined. However, if after two weeks Petri dishes were
transferred to 15 °C, germination was again observed at similar
levels to seeds that remained at 15 °C constantly (data not shown).
This suggests that seeds are thermoinhibited at high temperatures.
Thermoinhibition is distinct from thermodormancy in that
thermodormant seeds require additional dormancy-breaking treat-
ments once seeds are returned to normal temperatures (Hills and
Van Staden, 2003).
In terms of light requirements, no significant differences were
observed between continuous light and continuous dark treat-
ments in any of the species (Fig. 2). This differs to germination in
W. fourcadeiwhere continuous light improved germination at 15,
21 and 25 °C (Esterhuizen et al., 1986). InW. vanderspuyiae, final
Fig. 2. Seed germination percentage for Watsonia species. Winter-rainfall species (A–D), summer-rainfall species (E, F) and a widely distributed species (G). CL—
continuous light, CD— continuous dark. Error bars represent standard deviation.
652 G.D. Ascough et al. / South African Journal of Botany 73 (2007) 650–653germination percent under CD and CL conditions was signifi-
cantly lower than that observed with alternating light at 15 °C,
indicating a possible negative effect in conditions without a
photoperiod.
There appears to be a clear relationship between the temperature
range over which Watsonia seeds germinate and the region in
which they occur. Such knowledge will greatly aid in the
commercial propagation of plants from this genus.
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